A 975-g birth weight, white male infant was delivered by spontaneous vaginal delivery to a 17-year-old mother at 26 weeks' gestation. Upon delivery, the infant presented with cyanosis, good heart rate, and poor respiratory effort. The infant was then intubated and stabilized. Apgar scores of 5 and 6 were assigned at 1 and 5 minutes, respectively. During the first 72 hours of life, the infant received four doses of surfactant for respiratory distress syndrome. On day 3, an echocardiogram revealed a patent ductus arteriosus for which he received four doses of indomethacin. During this time the infant received lowdose pressor support for mild hypotension. The initial cranial ultrasound on day 9 revealed a small germinal matrix hemorrhage with a questionable parenchymal cyst. The infant was initiated on feeds by day 8 and advanced to full feeds over 3 days. On day 10, the infant was found to have necrotizing enterocolitis for which he received surgically placed bilateral abdominal drains without an open laparotomy procedure. A blood culture drawn on day 10 was subsequently positive for Escherichia coli. During the next 24 hours the infant's condition began to deteriorate prompting an exploratory laparotomy, which revealed a perforation in the proximal jejunum adjacent to the ligament of Treitz. The position of the perforation prevented ostomy placement; therefore, a primary closure was performed. Perioperatively, the infant presented with severe hypotension for which he received multiple pressor drips and fluid boluses. Ventilator settings were greatly increased to compensate for worsening respiratory status. Although the infant was being treated with vancomycin, gentamicin, and metronidazole, his white blood count decreased to 1670/mm. Postoperatively, the infant was placed on a fentanyl infusion for pain control. On day 12, the infant weighed 1334 g, 359 g above birth weight. The infant's umbilical venous line began leaking on day 13, necessitating the surgical placement of a silicon 2.7 Fr. Broviac catheter into the right saphenous vein through a subcutaneous tunnel. The catheter was advanced into the right iliac vein and was sutured at the cuff. Aspiration on the catheter revealed good blood return and placement was reported to be in the inferior vena cava, at the level of the fourth-lumbar vertebrae, by abdominal anteroposterior radiograph.
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Blood return through the catheter became sluggish and could not be obtained on the second day after placement, day of life 15. At this time the infant was on minimal ventilator settings but continued pressor support. The infant exhibited anasarca at a weight of 1678 g, 703 g above his birth weight. Currently the infant was receiving total parenteral nutrition (TPN) consisting of 9% dextrose hyperalimentation with 3 g/kg/d of intralipid through the central line. All other antibiotics and inotropic drugs were infused through the peripheral site. On day 15 and 16, the infant's serum sodium ranged between 140 and 149 mEq/l and potassium between 2.6 and 3.4 mEq/l. His serum glucose ranged from 44 to 127 mg/dl. On this same day, 2 days after line insertion, the infant was noted to have a generalized seizure. He remained on a fentanyl infusion and was additionally loaded with 20 mg/kg of phenobarbital for the seizures. The seizure prompted a repeat cranial ultrasound, which revealed bilateral germinal matrix hemorrhages with increased ventricular dilatation. No lumbar puncture or EEG was done at this time. Secondary to the infant's continued poor status, an abdominal ultrasound was performed that revealed moderate amount of ascites with echogenic debris. This fluid was thought to be an abscess pocket.
Over the next 3 days, the infant's weight decreased, respiratory status improved, and pressor support was discontinued. Although the infant remained on a maintenance fluid allowance of 150 ml/kg/d, the urine output gradually decreased from 10 ml/kg/hr (day 17), to anuria (day 19). Another abdominal ultrasound on this day revealed moderate ascites; however, no focal abdominal fluid collection could be identified, which suggested the fluid was not an abscess. The fentanyl infusion continued, in addition to maintenance dosing of phenobarbital. While on these drugs the infant presented with good movement and tone. However, on day 19, the infant was found to have decreased response to stimulus, decreased tone and movement. The phenobarbital level, 1 day previous, was found to be 19.4 g/ml. A repeat cranial ultrasound on day 20 revealed a cerebellar hemorrhage and persistent intraventricular hemorrhages. The declining neurologic status progressed from decreased tone to total paralysis from the neck down over the 4 days, as noted on day 22. The infant's serum sodium decreased from 131 to 117mEq/l. The serum potassium range increased from 3.4 to 6.4 mEq/l. Urine output decreased from 5.5 to 1.0 ml/kg/hr. The infant's weight was now 1692 g on day 24. The infant was thought to have SIADH, possibly related to meningitis, which prompted a lumbar puncture on day 24. Analysis of the fluid obtained from the lumbar puncture revealed the following: protein of 97 mg/dl, glucose of 6340 mg/dl, LDH of 826 U/l, WBC of 31,062/mm, and RBC of 134,250/mm with the fluid being opaque pink in appearance. Due to the unusual results of the spinal fluid examination, a triglyceride level was obtained on the same sample, and was found to be 2800 mg/dl. Injection of contrast into the femoral venous catheter revealed extravasation by radiograph. MRI was then performed and revealed a lipidcontaining fluid collection extending the entire length of the spinal canal in the posterior epidural space, causing anterior displacement of the spinal cord (Figure 1) . The signal revealed possible calcium precipitates at the posterio inferior spinal canal and a fluid collection at the right pararenal space, causing anterior displacement of the right kidney (Figure 2 ). There was also a central area of more simple fluid collection within the right retroperitoneal area with extension through the paraspinus muscle. The MRI results were consistent with lipidcontaining hyperalimentation fluid due to extravasation in the areas noted. There were no spontaneous respirations when the infant was briefly removed from the ventilator. Neurology, as well as neurosurgery, was consulted and felt the infant's spinal cord was irreversibly functionally transected at the cervical level. The condition was felt to be irreversible, secondary to the duration of paralysis and also because there was no method to remove the fluid collection along the spinal cord. The next day (day 25) a collaborative decision was made between the attending neonatologist and the parents to remove the infant from life support secondary to necrotizing enterocolitis, E. coli sepsis, intraventricular and cerebellar hemorrhages, renal failure, and irreversible total paralysis below the neck.
POSTMORTEM EXAMINATION
The autopsy revealed a 3-week-old premature infant with severe anasarca. There was a closed proximal jejunum perforation next to the ligament of Treitz. Also noted was acute necrosis of nearly the entire small intestine and acute, as well as chronic, peritonitis. There was thrombosis of the mesenteric veins. There was perforation of the right iliac vein. Evidence of this perforation was seen in sections from that vein, age compatible with the date of catheter insertion. In the adjacent retroperitoneal area, there was necrosis of the soft tissue and paraspinus muscle.
Necrosis of the spinal cord at the level of L5/S1-2, conus medullaaris, and rostral segments of the nerve roots was identified. The brain had bilateral germinal matrix hemorrhages with extension of blood into the lateral ventricles. The lateral and third ventricles were enlarged with no clear site of obstruction. There was a hemorrhage and subacute ischemia of the left cerebellum not in continuity with the ventricles and extending into the subarachnoid space.
DENOUEMENT AND DISCUSSION
Intravenous access in the neonatal intensive care unit can be a challenge in low-birth-weight infants, especially in infants who require long-term hyperalimentation and intralipid fluid. Central venous catheters have proven to be beneficial and lifesaving at times.
1
When placed surgically, they are usually introduced through the jugular, subclavian, or femoral veins.
2
This case report describes the clinical course of a preterm infant who received a femoral venous catheter for intravenous nutrition and antibiotics. A lumbar puncture to rule out meningitis led to the discovery of hyperalimentation and intralipid extravasation into the spinal canal causing cord compression and necrosis. Case reports with potentially serious complications of venous femoral lines are being reported in the literature increasingly.
± 6
Moriarty et al. 3 reported three cases in which patients presented with an acute abdomen, fever, and an increased white blood cell count. All three patients had femoral venous catheters with extravasation into the peritoneum or retroperitoneum. Blood could not be aspirated from two of the catheters and was unreported in the third case. Paracentesis in these cases revealed white fluid consistent with hyperalimentation. Lavandosky et al. 4 report a 10-day-old infant who presented with a seizure, following resuscitation secondary to shock, while in the emergency room. A femoral venous catheter was introduced through a saphenous vein cutdown and was advanced to monitor central venous pressure. Blood could not be aspirated in this position, therefore the catheter was pulled back to the level of L-4 to L-5. Several hours later, following the seizure, spinal fluid analysis revealed a glucose concentration of 2820 mg/dl, protein of 272 mg/dl, red blood cell count of 20,000 cells/mm 3 , and white blood cell count of 24 leukocytes/mm 3 . Afterward, the infant became paralyzed from the neck down with no spontaneous respirations. A lateral radiograph revealed the catheter in line with the spinal canal. A dye injection filled the subarachnoid space. The infant died on the 10th hospital day. This group clinically cared for six patients with femoral venous catheters malpositioned in the epidural venous plexus via the ascending lumbar vein. The first patient described demonstrated perforation of the vein into the lumbar space as evidenced by the spinal fluid analysis and the infant's paralysis. A lateral radiographic view is preferred over an anteroposterior view for catheters thought to be extravasated into the lumbar space.
4,5
Complication rates with central venous catheters are higher with lower body weights as in low-birthweight infants and preterm infants.
± 9
Malposition and/or perforation of the vessel can be lethal. Our case report is similar to previously reported cases in that TPN fluid was sampled from the lumbar space as a result of extravasation of the right femoral venous catheter. Recognizing signs of extravasation in this infant was complicated by symptomatology of necrotizing enterocolitis and E. coli sepsis, in addition to intraventricular and cerebellar hemorrhages. Anuria and persistent anasarca were initially thought to be related to sepsis with possible meningitis; however, spinal fluid cultures remained negative. In retrospect, increased intracranial pressure secondary to external compression of the spinal cord could have caused the cerebellar hemorrhage that was apparent on the cranial ultrasound on day of life 20, 7 days after femoral line placement and 1 day after paralysis was first noted. Due to the infant's persistent ascites, thought to be related to the necrotizing enterocolitis with jejunal perforation, the etiology of the collection of retroperitoneal fluid remains unclear. It is possible the persistent fluid collection could have been either secondary to an inflammatory reaction associated with the extravasated fluid or a pocket abscess. The lack of urine output, persistent hyponatremia, and capillary leak could have been related to the TPN fluid infusing retroperitoneal, pararenal, and along the spinal canal as opposed to infusing intravascularly. The necrosis of the paraspinus muscle was felt to be secondary to the hyperosmolar extravasated fluid and/or the presence of calcium in the fluid. Initially the decrease in tone was thought to be secondary to the fentanyl infusion; however, flaccid tone below the neck with normal facial tone should have suggested a cervical injury. The necrosis of the spinal cord was limited to the L5/S1-2 level; however, we hypothesize that pressure along the entire length of the cord from the extravasated fluid could have been responsible for the symptoms of paralysis.
RECOMMENDATIONS
When blood cannot be aspirated from a femoral central venous catheter, the position should be verified by radiograph, preferably with contrast medium. When extravasation into the lumbar space is questioned, a lateral radiograph of the abdomen with the entire length of the catheter in view is recommended. There must be caution in the use of femoral venous catheters as an alternative route of TPN in infants. Medical practitioners should question the patient's nurse, daily, as to the ability to aspirate blood from the femoral line. Every effort must be made to monitor the patency and position of the catheter while in use.
